ABSTRACT. Microsatellite markers are widely and evenly distributed, and are highly polymorphic. Rapid and convenient detection through automated analysis means that microsatellite markers are widely used in the construction of plant and animal genetic maps, in quantitative trait loci localization, marker-assisted selection, identification of genetic relationships, and genetic diversity and phylogenetic tree construction. However, few microsatellite markers remain to be isolated. We used streptavidin magnetic beads to affinity-capture and construct a (CA) n microsatellite DNA-enriched library from sika deer. We selected sequences containing more than six repeats to design primers. Clear bands were selected, which were amplified using non-specific primers following PCR amplification to screen polymorphisms in a group of 65 unrelated sika deer. The positive clone rate reached 82.9% by constructing the enriched library, and we then selected positive clones for sequencing. There were 395 sequences with CA repeats, and the CA repeat number was 4-105. We selected sequences containing more than six repeats to design primers, of which 297 pairs were designed. We next selected clear bands and used non-specific primers to amplify following PCR amplification. In total, 245 pairs of primers were screened. We then selected 50 pairs of primers to randomly screen for polymorphisms. We detected 47 polymorphic and 3 monomorphic loci in 65 unrelated sika deer. These newly isolated and characterized microsatellite loci can be used to construct genetic maps and for lineage testing in deer. In addition, they can be used for comparative genomics between Cervidae species.
INTRODUCTION
Microsatellites, or simple sequence repeats (SSRs), are also known as short tandemrepeats (Tautz and Renz, 1984; Stallings et al., 1991) . SSRs are tandem-repeated motifs of 1-6 bp found in all prokaryotic and eukaryotic genomes. Microsatellites are present both in coding and noncoding regions. Because they are highly polymorphic, microsatellites have been extensively used in forensics, genetic mapping, population genetics, evolutionary studies, and investigations of social systems (Chakraborty et al., 1997; Buchholz et al., 1998; Chowdhury and Bansal, 2001; Jakše and Branka, 2001) . A flanking sequence is located at particular chromosomal locations, and the repeat length of core tandem-repeat sequences ranges from 10s to 100s of bp. Because of the different numbers of repetitions and degrees of repeat units, microsatellite loci within species and individuals are polymorphic. There are many microsatellite markers with widespread and even distributions, and high levels of polymorphisms. With rapid and convenient detection and automated analysis, microsatellite markers have become widely used in plant and animal genetic mapping, quantitative trait locus (QTL) localization, marker-assisted selection (MAS), and in the identification of genetic relationships and genetic diversity (Crittenden et al., 1993) .
Molecular genetic maps provide insight into the genomic and chromosomal localization of cloned genes, and provide a framework for the identification and location of major genes associated with economically important traits (Crittenden et al., 1993) . In recent years, rapid advances have been made in the development of molecular genetic maps. High-density linkage maps are now available for many farm animals, such as cattle, pigs, and goats (Huang et al., 2005) . In contrast, mapping studies in Bovidae species are much less advanced, similarly in the Cervidae. To construct saturated genetic maps for more Cervidae species, the isolation of polymorphic genetic markers, particularly microsatellite markers, is required (Huang et al., 2005) .
The sika deer (Cervus nippon) is an endangered cervid endemic to mainland and insular Asia (Lü et al., 2006) . Although close to extinction, it is also one of the most active members of the ecosystem, and it is an ecologically significant animal (Zhang, 2007) . Changchun has the world's earliest history of deer breeding and the largest number of varieties and breeding places. The deer in Shuang-Yang represent the first artificial cultivation of improved varieties in China, as well as throughout the world. The velvet is of high quality and yield. This species has many advantages, including stable genetic properties, resistance to crude feeding, adaptability, and a high value of breeding.
Due to their abundance in genomes, high mutation rates, and multi-allelic nature (Ellegren, 2000) , microsatellites markers are one of the best choices for use in population genetics (Sahoo and Kashyap, 2005) . Microsatellites play an important role in the construction of genetic maps, genomic structure analysis, QTL mapping, MAS, phylogenetic tree construction, genetic diversity assessment and detection, population genetic structure analysis, genetic management of species, and in the establishment of protection units. However, the genetic status of populations has not been well studied because of a lack of appropriate genetic markers. Molecular markers, including randomly amplified polymorphic DNAs and restriction fragment length polymorphisms, are not always diagnostic in detecting genetic variation within a population of sika deer because the genetic variability of those markers is reduced to an undetectable level in some cases . Searching in current major bioinformatics database, such as GenBank, EMBL, DDBJ, found that, up to today, of the 200+ microsatellite markers used to study deer, 30 were isolated from the deer genome, from species such as white deer and reindeer, and the remaining markers were amplified from "borrowed" bovine animals and other deer.
To overcome such difficulties, we sought to identify microsatellite markers of the genus Cervus . Thus, we concentrated on constructing an enriched Sika microsatellite library by isolating and characterizing a number of microsatellite markers. In addition, this research can provide many new genetic markers for deer. The antlers, kidneys, blood, placenta, and sinew of deer are all used in traditional Chinese medicine. If we can identify new microsatellite loci from the enriched microsatellite library, we also can create new drug formulations to allow the clinical diagnosis and treatment of many rare diseases where the molecular mechanisms are understood. For linkage and comparative genetic mapping, parentage testing, population genetics, and phylogenetic studies in Cervidae, we isolated and characterized polymorphic microsatellite markers in sika deer. After reading the literature pertaining to microsatellite libraries, we decided to utilize the strong affinity between biotin and streptavidin to construct the microsatellite library (Reed et al., 2003) . Using this approach, we isolated and characterized a number of microsatellite markers. This research may provide a foundation for future genetic studies on deer. Through this study, we selected multiple microsatellite sequences and designed primers to permit screening of these specific microsatellite markers.
MATERIAL AND METHODS

Sika deer DNA isolation
Sixty-five sika deer (24 males and 40 females) were randomly selected from a deer farm at Jilin Changshuang Deer Industry Co., Ltd. and Special Local Product Development Group Co., Ltd. Genomic DNA was isolated by phenol/chloroform extraction and ethanol precipitation from 33 sika deer tissue samples [28 tissue samples from the kidneys (6 males and 22 females), one tissue sample from the cartilage (male), one tissue sample from the lungs (male), one tissue sample from the brain (male), one tissue sample from the liver (male)] and 32 blood samples (14 males and 18 females) from 65 unrelated individuals.
Construction and screening of a genomic library enriched with (CA) n repeats
To obtain a higher number of sika deer microsatellite markers, we constructed a genomic library enriched with (CA) n repeats, following a combination of modified procedures (Kandpal et al., 1994; Fischer and Bachmann, 1998; Paniego et al., 2002; Huang et al., 2005) . Genomic DNA from sika deer was digested with the restriction enzyme MboI, and fragments ranging in size from 400 to 1000 bp were recovered from an agarose gel with a mass fraction of 1.5% under 60 V for1 h. The recovered fragments (600 ng) were ligated to an adaptor (5 µg, a phosphorylated Linker A 5'-pGATCGCAGAATTCGCACGAGTACTAC-3' and Linker B 5'-GTAGTACTCGTGCGAATTCTGC-3'), which was generated by heating both components to 94°C for 4 min, cooling to 70°C for 10 min and cooling to room temperature by incubation at 16°C for 12 h with T4 DNA ligase (Takara). The adaptor-ligation fragments were denatured at 65°C for 15 min, and PCR was performed in a 25-µL reaction mix containing 20 µM DNA adaptor-ligation, 2.5 mM 10X ExTaq Buffer (Mg 2+ plus), 50 µM Linker B as a primer, 2.0 mM d NTPs, and 0.625 U Taq polymerase. Amplification conditions were as follows: 94°C for 3 min followed by 15 cycles at 94°C for 1 min, an annealing temperature of 58°C for 1 min and 72°C for 1 min, with a final extension at 72°C for 7 min. PCR fragments were separated via high-resolution polyacrylamide gel-electrophoresis. Next, hybridization screening of microsatellites was performed with biotin labeled probes and magnetic beads. The hybridization was performed in a 50-µL reaction mix containing 50 µM Probe [bio-(CA) 15 ], 50 µM Linker B, 15.0 µL 20X SSC, 0.5 µL 10% SDS, and 300 ng PCR fragments. The PCR fragments were denatured at 95°C for 5 min, followed by quick chilling in the hybridization reaction mix at 68°C for 1 hour. At the same time, the beads were set to balance. We placed 500 µL streptavidin magnetic beads into the silica tube and then put the silica tube onto the magnetic frame for 1-2 min. Next, we added 200 µL B&W to wash the streptavidin magnetic beads twice. Finally, we added 200 µL solution I to wash the streptavidin magnetic beads several times until the beads became smooth and were easy to elute. We added the hybridization mixture to the streptavidin magnetic beads with a balance at 25°C for 20 min. Beads were then washed three times under low stringency conditions (room temperature in 2X SSC, 1% SDS, 10 min each), three times under high stringency conditions (in 1X SSC at 68°C, 15 min each), and twice in cold low-salt buffer (0.15 M NaCl, 20 mM Tris-HCl, pH 8.0, 1 mM EDTA) for 3 s. Finally, the beads were eluted as single-stranded fragments with 35 µL elution buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). The final eluate (1 µL) served as a template for PCR (with Linker B as a unique primer, 30 cycles of 94°C for 1 min, 58°C for 1 min, and 72°C for 1 min) to obtain double-stranded fragments. PCR products were purified from an agarose gel with a mass fraction of 0.015, ligated to a pMD18-T vector (Takara), and transformed into Escherichia coli DH5a-competent cells to produce a microsatellite-enriched library. The library was further screened by PCR using Linker B and (CA) 10 as primers.
DNA sequencing and primer design
The bacilli were used as a template for PCR [Linker B and (CA) 10 primers were used]. PCR was performed in a 25-µL reaction mix containing 1 µL bacilli, 2.5 mM 10X ExTaq Buffer (Mg 2+ plus), 50 µM Linker B primer, 2.0 mM dNTPs, and 0.625 U Taq polymerase. Amplification conditions were 94°C for 3 min followed by 30 cycles at 94°C for 1 min, annealing temperature of 58°C for 1 min and 72°C for 1 min, with a final extension step of 72°C for 7 min. PCR fragments were separated via high-resolution polyacrylamide gel-electrophoresis. Next, the bacilli of positive clones were sequenced in Shang-hai. The software program Primer5.0 (Paniego et al., 2002) was used to design PCR primers flanking the microsatellites that contained more than six uninterrupted repeats. Primers pairs were analyzed for all secondary structures, including hairpins, self-dimers, and cross-dimers to minimize the formation of primer dimers. We also tried to match the AT and GC content of the primers. The PCR products of all primers were expected to be between 100 and 1000 bp in size. For subsequent work, we selected primers with a relatively narrow Tm range.
PCR amplification and polymorphism analysis
PCR was performed in a 25-µL reaction mix containing 10-50 ng genomic DNA, 2.5 mM 10X ExTaq Buffer (Mg 2+ plus), 50 µM Linker B as primer, 2.0 mM dNTPs, and 0.625 U Taq polymerase. The PCR protocol began with a denaturing step for 3 min at 95°C, 30 cycles of 94°C for 30 s, 45°-65°C for 30 s, and 72°C for 30 s, with a final extension step at 72°C for 7 min. A mixture containing 2 µL PCR product and 8 µL denaturation buffer was made, denatured in boiling water for 10 min, and then placed on ice for 10 min. Next, the mixture was loaded onto a 10-12% mass fraction denaturing polyacrylamide gel for denaturing polyacrylamide gel-electrophoresis.
Statistics
According to the microsatellites sequences we obtained, we calculated the ratio of positive and non-positive clones. Statistical evaluations of the microsatellite markers, including the observed heterozygosity, number of alleles, and length of alleles were performed using the Gel-Pro analyzer 4.0 (http://www.mediacy.com.cn/cn/product/proA_D.asp).
RESULTS AND DISCUSSION
Genomic DNA from sika deer digested with the restriction enzyme MboI
Sika deer genomic DNA was digested with the restriction enzyme MboI, and fragments ranging from 400 to 1000 bp were recovered from an agarose gel with a mass fraction of 1.5% under 60 V for 1 h. When a fragment was larger than 1000 bp, it would not pass the first test. In addition, if the fragment was too long, it was not easily adsorbed. Thus, if the fragment was too long, the PCR amplification was difficult. Because the restriction site for MboI is GTAC (Fischer and Bachmann, 1998) and, in mammalian genomes, restriction sites are widely distributed, we chose to use the restriction enzyme MboI. Genomic DNA was uniformly cut into different sized fragments by MboI, ensuring both the randomness and authenticity of screening microsatellite sites.
Connection between the linker and fragments generated by the restriction enzyme
Before constructing the microsatellite library, the fragments derived from restriction digestion must connect the same linkers at the start and end points. In this way, the primer, Linker B, can participate in PCR amplification. After PCR amplification, the fragments and single strands after enrichment can be amplified for cloning and selection. This method can also detect the efficiency of connection through PCR amplification. In molecular biology, the ligation of DNA end points is a basic operation. There are two styles of ligation: cohesive and blunt end ligation. The efficiency of cohesive end ligation is very high, but this does not occur frequently. However, the efficiency of blunt end ligation is very low and it occurs frequently. In this study, the linker and fragments were joined by cohesive end ligation. In addition, the two points of one linker are dephosphorylated. In this way, the efficiency of the ligation was increased, while self-connection was avoided. During PCR amplification after ligation, we added an extension step at 72°C before denaturation at 94°C. The purpose was to utilize the 3'-5' activity of the Taq polymerase to close the gap. The results indicate improved amplification efficiency.
Microsatellite enrichment
In this study, we used magnetic beads to construct a microsatellite library. We utilized the high affinity between biotin and streptavidin to enrich for fragments cut by restriction enzymes that contained microsatellites, and then constructed the enriched microsatellite library. The number of masc-clones is several times higher than in the conventional library. However, the microsatellites isolated from the enriched library cannot predict their distribution in the genome. Many factors can influence the efficiency of the enriched library. The PCR amplification before and after enrichment by magnetic beads could lead to the specific amplification of some fragments, especially the second PCR amplification after the enrichment. This could lead to reduced coverage of microsatellites in the genome. In this study, some microsatellites had the same core and flanking sequences. It has been suggested that PCR amplification during the enrichment step leads to uniform linkage of DNA fragments to the T-vector. For this reason, during the enrichment process, the cycles of PCR amplification should be controlled as much as possible. During enrichment, many factors influence the efficiency of amplification. For example, non-specific adsorbance between DNA and the magnetic beads due to covalent bonding between the streptavidin and the SSR probe suggests that other fragments adsorb to the magnetic beads. It is also difficult to remove non-SSR by washing with the low concentration buffer and then the high concentration buffer. In this study, the hybridization temperature of 68°C and washing temperature in solution II at 68°C could efficiently solve this problem. In this way, non-specific adsorbance was decreased to the lowest level. However, denatured single strands could easily anneal to form double strands. Therefore, binding between the labeled probe and the microsatellite, and the complementation of the template DNA will be prevented. Meanwhile, the efficiency of the enrichment will be reduced. To solve this problem, we added significant amounts of Linker B to the hybridization solution. These linkers can competitively bind the fragmented DNA to prevent annealing. This should be performed quickly during the enrichment process. Simultaneously, the negative reaction that was evoked through the change of temperature should be avoided.
PCR amplification of fragments cut by the restriction enzyme connected to linkers
Fragments cut by the restriction enzyme were linked to the T-vector, affinity-purified, and washed with solutions I, II, and III. The length of fragments after PCR amplification ranged from 400 to 1000 bp. According to the electrophoretogram of the recovered fragments cut by the restriction enzyme, there was a domain aggregate ranging from 400 to 500 bp. Therefore, it is possible that many restriction enzyme sites exist in the sika deer genome.
Identification of positive clones
After reclamation and purification, PCR fragments were ligated to the vector pMD18-T and transformed into DH5a-competent cells. The number of recombinations in this library was 1380. To quantify the positive clones, we utilized bacilli as the template and Linker B as the primer for PCR amplification. Of all the clones, 1144 were positive and 236 were idlers. Therefore, the proportion of positive clones was 82.9%, and that of the idlers was 17.1%. In all, 450 positive clones was sequenced by Shanghai Sangon Biological Engineering Technology & Service Co. Ltd. To summarize the number of microsatellites after sequencing, 395 contained microsatellites. Thus, the proportion of microsatellites in all sequences was 87.8%. The number of sequences that did not contain microsatellites was 55. In other words, the proportion of non-microsatellites was 12.2%.
Evaluation of the enriched library
We successfully constructed a library enriched for (CA) n microsatellites using the procedure described in the Materials and Methods. There were 395 microsatellites in this library, and the inserted size ranged from 260 bp to 1104 bp. The average size of the inserted fragments was 584 bp. Microsatellites were classified based on the various repeat sequences. Of all the sequences, 176 microsatellites had nucleotide sequences that were flanked by (CA) n repeats, while 116 had nucleotide sequences flanked by (GT) n repeats. In addition, there were other types of microsatellites; for instance, in 38 microsatellites the nucleotide sequences were flanked by other double base repeats, such as (CT) n or (AT) n repeats. Among the clones, 11 contained mononucleotide repeats, 31 contained tribasic repeats, 14 contained tetranucleotide repeats, and only one contained pentanucleotide repeats.
Characterization of microsatellites
Primers were designed and synthesized using sequence information from the 297 clones in the enriched library. There were six repeats in the microsatellite sequence designed primers, which is lower than the corresponding number of repeats found in mammalian species (Paniego et al., 2002) . The PCR conditions for each primer pair were optimized using sika deer genomic DNA and a Mastercycler Gradient PCR System (Bio-Rad, USA), and polymorphisms were detected using the genomic DNA from 65 unrelated individuals. Of the 297 primer pairs, 245 (82.5%) generated special products by modifying the annealing temperature (see Table 1 ), or the annealing and extension time. According to the structure, there were imperfect microsatellites, perfect microsatellites, and compound microsatellites (Beckman and Weber, 1992) . A total of 245 new primer pairs were selected after gradient and ordinary PCR was performed. The fragments amplified by these new primers involved three types of microsatellites. There were 170 perfect microsatellites (69.4%), 45 imperfect microsatellites (18.4%), and 30 compound microsatellites (12.2%). When randomly selecting 50 primer pairs, 47 (94%) exhibited lengthy polymorphisms in the 65 individuals. The number of alleles ranged from 2 to 8, with an average of 4.23 per microsatellite. These polymorphic microsatellite markers will be very useful for the construction of sika deer linkage mapping and parentage testing. These sika deer markers can also be applied to analyze corresponding loci in other Cervidae, including the red deer and white-lipped deer (Kimwele et al., 1998) . All of these 264 novel sika deer microsatellite sequences were submitted to GenBank (accession No. HQ849628-HQ849726, HQ849803-HQ849819, HQ849727-849801, HQ849578-HQ849627, HQ849740, HQ849802, and HQ849782) and were aligned with the sequences registered in GenBank, resulting in no significant homologies being identified. Characterization of the 47 new polymorphic microsatellites markers, including the GenBank accession No., microsatellite repeat sequence, sequence of the PCR primer, number of alleles, annealing temperature, observed heterozygosity, length of the alleles and the length of PCR products, are shown in Table 1 .
Unfortunately, three markers were monomorphic, perhaps because of the small number of animals tested. It is possible that polymorphisms will be found if more individuals are analyzed. We have listed the characterizations of these monomorphic microsatellites, including the GenBank accession No., sequence of the PCR primer, annealing temperature, and the length of PCR products in Table 2 . The makers code 'DM' stands for deer microsatellite markers. Column headings are as follows: N A = number of alleles; Tm, annealing temperature (°C); H O = observed heterozygosity; information content; GenBank accession No.; primer sequence; repeat motif. Makers code DM stands for deer microsatellite markers. Column headings are as follows: GenBank accession No.; primer sequences; repeat motif, length of fragments, Tm, annealing temperature. The sika deer is a unique, endangered animal found in East Asia. Historically, sika deer resources were very rich and these animals were extreme widely distributed, but because of natural and human factors, the Chinese sika deer have been reduced from six to three subspecies: the Sichuan, Northeast Asia, and South Asia species. Their distribution has drastically reduced, and these species are already bordering on extinction.
Although microsatellites are informative genetic markers, the need for prior sequence information to produce locus-specific primer sets is a major limitation. Traditionally, microsatellite loci have been isolated from partial genomic libraries (selected for small insert size) from the species of interest, and several thousands of clones are screened through colony hybridization with repeat containing probes (Rassmann et al., 1991) . Although relatively simple, especially for microsatellite-rich genomes, this approach can be extremely tedious and inefficient for species with low microsatellite frequencies, such as the Cervidae species. Several procedures for microsatellite library enrichment have been developed to improve the efficiency of microsatellite isolation. They can be classified according to the capture technique: 1) streptavidin-coated magnetic beads; 2) microsatellite probes attached to small nylon membranes; and 3) other infrequently used procedures, such as the use of the dut ung strain of E. coli or the magnetic capture of phage DNA (Reed et al., 2003) .
In summary, we constructed a library enriched with (CA) n microsatellites from which we successfully isolated new microsatellite markers. The enrichment procedure in our study is rapid and efficient at isolating microsatellites from sika deer or other animals, especially those that are currently less well studied. The polymorphic microsatellite markers that have been identified and characterized will contribute to genetic linkage mapping of deer; the construction of a comparative genetic map with other Cervidae, such as red deer and white-lipped deer, population genetics studies, and phylogenetic studies.
